AID-system in a temporally-controlled manner.
Introduction
Medium containing B27 Supplement (1:50), 0.5 mM Glutamine Solution, 25 μ M 8 0
Glutamate, Penicillin/Streptomycin (1:200), 1 mM HEPES, 10% horse serum 8 1 (heat-inactivated and filter-sterilized, Gibco, Inc., Grand Island, NY, USA)]. Tissue 8 2 was triturated using fire-polished Pasteur pipettes and filtered through a 40-μm-pore 8 3 cell strainer (Corning, New York City, NY, USA). Hippocampal cells were plated on 8 4 poly-D-Lysine coated glass base dishes (35 mmf with a window of 12 mmf, 0.15 mm 8 5 thick glass; IWAKI) at a density of 8.0×10 4 cells/well, and placed in a 37 °C, 5% CO 2 8 6 incubator. At 1 day in vitro (DIV), Neurobasal plating medium was replaced with 8 7 Neurobasal feeding medium (Neurobasal Medium containing B27 Supplement (1:50), 8 8 0.5 mM Glutamate Solution, Penicillin/Streptomycin (1:200), 1 mM HEPES). At 2 8 9 DIV, the medium was replaced with fresh feeding medium containing a final Hippocampal acute slice preparation 9 7 Adult mice were anesthetized by isoflurane and fixed in a stereotaxic frame.
8
The skull was exposed and a glass micropipette containing the AAV was inserted to 9 9 dentate gyrus (AP = -2 mm; ML = +1.3 mm; DV = -2.05 mm). 500 nl of AAV was
injected at 50 nl per min using a syringe pump (KD Scientific, Tokyo, Japan). 3 weeks Slices were briefly transferred to an interface chamber containing oxygenated aCSF at RT. Slices were placed onto 35 mm glass base dish filled with Neurobasal feeding 1 0 7 medium during the degradation assay. Cells were fixed in 4% paraformaldehyde in PBS for 10 min at RT. After
fixation, cells were incubated in PBS containing 0.1% Triton X-100 for 15 min at RT.
After washing twice with PBS, cells were blocked in a solution of PBS containing 5% 1:1,000). Fluorescent images of immunostained samples were obtained using a
BZ-X700 microscope (Keyence, Osaka, Japan).
Data acquisition and statistical analysis 1 1 7 Images were acquired using an FV1200 scanning confocal microscope
(Olympus, Tokyo, Japan) equipped with diode lasers. For imaging primary culture,
Z-series images (7 optical sections) were acquired with a 10 × water immersion normalized to the data at 10 min (100%). Statistical analyses were performed with OriginPro (OriginLab) software. 1 2 7 IAA (indole-3-acetic acid sodium salt, Sigma-Aldrich) was diluted in
IAA treatment
Neurobasal feeding medium to make 0.5 M stock solution. Pre-warmed IAA solution 1 2 9 was applied in hippocampal neuronal cells and acute slice in a final concentration of
0.5 mM. 
Results

3 2
To test whether the AID system could be applicable in the nervous system, we degron-fused proteins suggested by a recent report [25] , we cultured hippocampal 1 3 5 neurons in culture media without serum. Two components, TIR1 from Oryza sativa 1 3 6 (OsTIR1) and proteins fused with a mini-AID tag (mAID), were introduced into neurons by AAV viral vector infection. We generated AAV-DJ carrying OsTIR1 and
EGFP fused with mAID (pAAV-hSyn-OsTIR1-P2A-mAID-EGFP). Leucine-rich nuclear export signal (NES) sequence was also attached to the C-terminus region of
EGFP to promote translocation of EGFP proteins into the cytoplasm. P2A peptide coding sequence was inserted into the middle of OsTIR1 and mAID-EGFP to achieve 1 4 2 simultaneous expression of these proteins (Fig. 1A) . AAV-DJ containing solution (4.8 and Tuj1 (a neuronal marker), revealed that mAID-EGFP proteins were present across the entire cytoplasm and that ectopic expression of mAID-EGFP proteins did not affect However, it should be noted that the efficiency and the rate of degradation were not 1 7 5 comparable to those observed in other cell lines [18, 21] . Why is the AID system only 1 7 6 partially working in neurons? One explanation is that the N-terminus fusion of mAID 1 7 7 to EGFP was not suitable for efficient protein degradation. It might be possible that 1 7 8 protein degradation occurs more efficiently and quickly if mAID was fused to the C-terminus region of the proteins. Another explanation is that the rate of protein
synthesis was much higher than that of degradation induced by auxin. Because
expression levels of virally-induced proteins are thought to be much higher than those AID system combined with a knock-in approach to achieve physiological expression is desirable to elucidate brain functions. Further improvement in the AID system 1 8 7 would provide powerful tools to investigate protein functions in the field of
neuroscience. Dissociated hippocampal neurons were infected with Signal intensities of GFP in hippocampal neurons were quantified and plotted with the for EGFP and mAID-EGFP, respectively. ***p < 0.001, Student's t-test. (A) AAV-hSyn-OsTIR1-P2A-mAID-EGFP vector was injected into dentate gyrus and
the degradation assay was performed 3 weeks after the injection. Expression of EGFP 2 2 5 in a coronal hippocampal section from the AAV-infected mouse. Scale bar, 20 μ m. hippocampal neurons before and after IAA treatment. GFP fluorescence decreased Signal intensities of mAID-EGFP in hippocampal neurons were quantified and plotted 
